Background: We aimed to compare TB transmission rates between case and community households in Vellore, South India.
Introduction
It is widely recognised that household contacts of active TB cases are at increased risk of acquisition of TB infection and active disease. 1 However, in high prevalence settings such cases only represent a small proportion of the overall burden, 2 with growing recognition of the importance of endemic community transmission in both high and low-prevalence settings. 3 Traditionally, exposure to TB has been measured through the tuberculin skin test (TST), which has limitations in populations with high BCG vaccine coverage and the requirement for a second reading visit. Interferon gamma (IFN-γ) release assays (IGRA) have overcome specificity issues with selective usage of antigens specific to Mycobacterium TB (ESAT-6 and CFP-10) and, in addition, require only a single visit to obtain results. The QuantiFERON TB Gold In-Tube (QFT) and T-SPOT-TB are the most widely used IGRAs. IGRAs have also demonstrated limitations including lack of sensitivity especially in high burden countries and the negative effect of biological/environmental factors (Tcell circulation and function) on these tests. 4 In the Indian setting, field studies have compared TSTs and IGRAs (both QFT and T-SPOT-TB) in the context of household contacts of cases 5, 6 and healthy community members 7, 8 but not within the same study. Here we describe the baseline infection rates in household and community contacts from Vellore, India and analyse differences in infection rates while adjusting for clustering.
Materials and methods

Study setting
The study was conducted in Vellore district of Tamil Nadu, India with an estimated population of 3.9 million. 9 The annual case notification rate for all forms of TB was estimated at 146 per 100 000. 10 
Study design
Recruitment was focused on three directly observed treatment, short-course (DOTS) centres located close to Christian Medical College (CMC) Vellore Laboratory to facilitate timely transportation of QFT samples. Together, these centres (Government Vellore Medical College and Hospital, Gudiyatham Government hospital and Community Health and Development department [CHAD], CMC Vellore) treat around 635 new smear positive cases per year. Consecutive pulmonary TB (either smear positive or negative) patients designated as 'new' (as per the national TB treatment guidelines) were invited to participate in the study between August 2010 and September 2011. These patients began standard DOTS therapy. Culture tests were not performed to align with routine practices in this setting.
All household contacts (HHC) living with an index TB case were approached to participate in the study. A HHC is defined as an individual who has lived in the same house as a person with TB for a continuous period of 3 months. Recruitment of the community contacts (CCs) involved the following algorithm: the nearest house was approached (left side first if houses were present on both sides) and the household was invited to participate. If this household refused, the house on the right side (if present) was approached, with this process repeated until four houses had been approached. If after four attempts contacts could not be recruited, no community controls were recruited for that index case household. In some instances, (predominantly in rural areas) individuals from multiple households were present at the time of recruitment. In this case, we also attempted to recruit these additional households for the study and as such, more than one control household could be chosen as case household in these situations. This simple method of recruiting CCs was chosen due to the absence of good quality location data (street address, post code and telephone numbers) at the time of recruitment.
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All participants provided written informed consent (translated in the local language) to participate in the study. In the case of minors or children, an assent form from their guardian or parent was obtained.
Study procedures
During the initial visit, a brief standardized interview was conducted to determine demographic details and other relevant information (such as area of residence and type of house). Height and weight were measured using standardized equipment and the presence of BCG vaccination scars was determined by trained health workers. Body mass index (BMI) was used to categorize participants as underweight (BMI <18.5 kg/m2), normal weight (BMI 18.5 to <25 kg/m2), overweight (BMI 25 to <30 kg/m2) and obese (BMI ≥30 kg/m2). For the QFT test, a trained technician drew 3 ml of blood from the participants into three tubes (TB specific antigen, mitogen and a nil tube) with the sample then transported to the CMC laboratory within 3-6 hours.
The collected samples were then incubated for 16-24 hours at 37°C and plasma harvested after centrifugation for 10 minutes and then frozen at −20°C. The QFT ELISA was performed manually on these frozen samples in batches using the manufacturersupplied kits. Samples where the test did not respond to the mitogen positive control were classified as indeterminate and excluded from further analysis.
The TST was then administered to patients (2TU PPD RT 23, Statens Serum Institut, Denmark) with a reading visit conducted after 2-3 days. Trained staff used a standard ruler to read the transverse induration and a reading ≥10 mm was classified as positive TST. All individuals with a positive test during this visit were evaluated for symptoms of active TB disease and if active TB disease was diagnosed, they were started on treatment through DOTS. Index TB cases were not included in TST/QFT screening. Child contacts under 6 years of age were referred to DOTS centres for chemoprophylaxis as per the local TB guidelines.
Sample size and power calculation
The study sample size was determined in relation to TST/QFT conversion at the follow-up visit, resulting in sample sizes of 350 HHC and 400 CC for inclusion in the study (calculations performed using Power and Sample Size Calculations version 2.1.31). 12 
Data analysis
Analyses were performed in IBM SPSS statistical software version 22.0 (IBM Corp., Chicago, IL, USA). Agreement between the TST results (positive or negative and QFT results (positive, negative or indeterminate) was assessed using the proportion of concordant pairs and Cohen's Kappa (k) coefficient. Kappa values >0.7, 0.4 to 0.7, and <0.4 were considered excellent, moderate and poor agreement, respectively. 13 The primary analysis used a TST positive cut-off of ≥10 mm and the manufacturer recommended QFT positive cut off of ≥0.35 IU/ml. The χ 2 test or Fisher exact test were employed to compare proportions. Risk factors for TST and QFT positivity were assessed through logistic regression adjusted for household-level clustering of contacts via generalized estimating equations (GEE). Inclusion of variables in the multivariate analysis required both an identified prior association with LTBI and statistical significance in univariate analysis. This later criterion was imposed due to the limited sample size, with the study not specifically designed to assess risk factors. The analysis was stratified into children (<15 years) and adults and interactions between alcohol, smoking and gender were considered due to these risk factors being present almost exclusively for males. We also included the interaction between the smear status of the index case and contact status (HC vs CC) in the GEE analysis.
Results
Index cases
We recruited 39.2% (114/291) index cases: they were more likely to be male (64.0%, 73/114), middle aged (median 45 years) and P. Narasimhan et al. Demographics of HHC and CC Figure 1 shows participant recruitment pathway and proportion of individuals screened and tested. The majority of demographic characteristics (Table 1) 
Prevalence of TB infection using TST and QFT
The proportion of TST positive was higher in HHC (58.7%, 193/ 329) than CC (53.5%, 179/334) but the odds ratio (1.22, CI 0.90-1.67) was non-significant. Distributions for TST indurations ( Fig. 2A) showed no significant difference (p=0.201) in median diameters for HHC (11.33 mm) and CC (10.44 mm).
Two indeterminate QFT results (0.3%) occurred, one in each of the HHC and CC groups. One sample was missing in the CC group leaving 323 and 319 contacts with interpretable results in HHC and CC respectively. Overall, the proportion QFT positive was almost identical in the two groups at 44%. The distribution of strongly negative (<0), negative (<0.35), equivocal (0.35-0.7), positive (>0.7) and strongly positive (≥10) QFT results is shown in Figure 2B .
Test agreement
We found that test agreement improved as the TST cut-off was raised: kappa values at cut-offs ≥5, ≥10 and ≥15 mm for HHC were 0.28, 0.40 and 0.41 respectively while for CC the corresponding kappa values were 0.26, 0.48 and 0.50. Similarly, while highly significant discordance was observed at cut-offs of ≥5 and ≥10, this became non-significant at ≥15 mm (see Supplementary Table 2 ). The discordance was primarily due to large numbers of TST+/QFT-results and through regression we Transactions of the Royal Society of Tropical Medicine and Hygiene observed a significant association between proportion TST +/QFT-and age in decades (OR 1.25, CI 1.12-1.39) but not with presence of a BCG scar or being a HHC (data not shown).
Stratified analyses
The odds of TST+ and QFT+ positivity were higher among the HHC compared to CC but without any significance. Further analyses by age and gender showed that the odds of TST+ (OR 2.27 [1.20-4.27]) and QFT+ (OR 2.69 [1.2-5.81]) positivity were significantly higher among child contacts compared to their counterparts in the CC group. Supplementary Figure 1 confirms our stratified analysis showing significant differences in children and similar positivity trends among adults. Analysis among gender did not show any significant difference between the two groups (see Supplementary Table 3) .
Adult HHCs of smear positive index cases were more likely to be TST + than contacts of smear negative cases (OR 2.44 [1.22-4.87]) but this difference was not seen for QFT tests (see Supplementary Table 4) . We also looked at potential confounding due to the proximity of CC but no statistically significant relationships between the proximity (or exposure to the index case) and infection rates were detected in the CC group (see Supplementary Table 5 ).
GEE analysis
We included nine covariates for children and 11 for adults in univariate logistic regression adjusted for clustering through GEE for the response variable of QFT/TST status. Univariate and multivariate analysis for the subgroups and both tests are summarized in Table 2 . Among children the only risk factor supported through this analysis was being a HHC, which significantly increased the odds of being positive (TST 2. 
Discussion
This study in Vellore, India found a high burden of TB infection in both HHC exposed to an active TB case and in CC without such direct exposure. QFT testing was shown to be feasible but with relatively low sensitivity and only moderate agreement with the TST results, although this improved as the cut-off for TST reading was raised. Status as a household contact was a significant risk factor for infection in children but this significance did not persist for adults, suggesting a substantial longterm community force of infection in this setting. The relatively small sample size did not allow for detailed assessment of risk factors in adults but age and a combination of male gender, smoking and alcohol were identified and are supported by considerable external evidence.
High rates of infections have been found in other surveys in the context of India, with estimates that of 30-50% QFT/TST positivity in a variety of studies. 5, 6 The finding of only moderate agreement between the two tests has also been noted in cross sectional studies conducted in other high burden settings. 14 Discordance was primarily through TST+/QFT-pairs and may reflect either inadequate specificity of the TST tests or suboptimal sensitivity for QFTs in a challenging setting for rapidly conducting T-cell based assays.
In relation to adults, age is a proxy variable for cumulative exposure to Mycobacterium tuberculosis in high-burden settings and is a recognised as a risk factor for infection 15, 16 and reactivation of disease. 17 In relation to children studies performed in other high endemic settings also identified elevated infection rates based on the level of exposure. 18 Higher proportion of QFT test positivity among children of HHC might have occurred because of strong exposure to a TB case. Previous studies 19, 20 have shown that children produce IFN-γ more effectively and therefore a higher mean concentration of IFN-γ. These results have to be interpreted with caution given that high reversion rates occur around these cut-offs. 21 Male gender, 22 smoking 23 and alcohol 24 are all established risk factors for TB disease and LTBI, although the evidence is stronger for disease. However, in our study alcohol consumption and smoking were almost exclusively practiced by men and were general practiced together, so that limited information was available on the risk factors in isolation. In our study, no women reported drinking alcohol and only 0.5% (2/393) reported smoking in line to other studies reported in our setting. 25 The mechanisms underpinning risk factors for infection are also poorly understood and may well involve both biological risk at the host level but also place individuals at increased exposure .59]) in people who drink more than 40 g alcohol per day and alluded this effect to the specific social mixing pattern associated with alcohol use, in addition to the effect of alcohol on the immune system. 26 Molecular epidemiological studies conducted in closed settings such as bars 27 have established an association with alcohol use and social mixing. Systematic reviews have also demonstrated a strong evidence for active smoking and TB disease but more limited evidence for their effect on TB infection, 28 with the meta-analysis by Slama et al. finding an association between smoking and TB infection (OR 1.8 [95% CI 1.5-2.1]). 29 Currently available tests (TST and QFT) have poor predictive value and also contact tracing exercises are resource intensive. Considering these limitations, researchers have utilised additional risk factors for identifying contacts at a higher risk of TB and disease, 30, 31 therefore prioritizing isoniazid preventive therapy. However the validity of these predictive scores have been tested among children and remains questionable. 32 We also found that household contacts belonging to smear positive index case households were more likely to be TST positive. TST measures cell-mediated immunity and false positive reactions are known to occur with TST when an individual is exposed to environmental bacteria or previous vaccination. Previous infection that has been cleared through immunological mechanisms or treatment can also cause false positive reactions. The latter could explain the reasons for TST positivity with exposure to an index smear positive case. However, the study design (baseline) limits further interpretation of this phenomenon.
Limitations include the limited ability to discriminate between infection rates in HHCs and CCs due to the high background rates of infection. The method of choosing CCs was simplistic and while it ensured similar levels of background exposure, there was Transactions of the Royal Society of Tropical Medicine and Hygiene a degree of contamination (in terms of exposure to the index case) due to their proximity. This might mean that our estimates are not generalizable or representative of community study. We used step-wise logistic regression analysis which has drawbacks in parameter estimation including over-fitting and reliance on a single best model. Other limitations include a lack of power for detailed risk factor analysis, low proportion of recruitment of index cases (39%) and under-representation of children less than 5 years of age in QFT testing due to parental reluctance to allow blood to be drawn in children of this age.
Conclusions
This study illustrates the feasibility of QFT testing in a highburden setting and provides estimates of TB infection rates accounting for both community and household exposure that should contribute to population level understanding of disease transmission. The design and sample size here limited the ability to differentiate impacts of potential risk factors but we argue that it points to the need for increased attention on these as priorities for wider TB treatment including prophylactic treatment of LTBI are considered.
